
ORIENTAL JOURNAL OF CHEMISTRY

www.orientjchem.org

An International Open Access, Peer Reviewed Research Journal

ISSN: 0970-020 X
CODEN: OJCHEG

2026, Vol. 42, No.(3): 
Pg. 1076-1082

This is an   	   Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).

Published by Oriental Scientific Publishing Company © 2018

Synthesis, Characterization and Evaluation of Antioxidant 
and Anti-anxiety Action of Pyrazoline Derivatives

Akanksha Singh and Surya Prakash Gupta*

Rajiv Gandhi Institute of Pharmacy, Faculty of Pharmaceutical Science 
& Technology, AKS University, Satna, Madhya Pradesh, India

*Corresponding author E-mail ID: rgipsatna@yahoo.co.in

http://dx.doi.org/10.13005/ojc/420323

(Received:  July 10, 2025; Accepted: March 13, 2026)

Abstract

	 The present work was undertaken with an aim to obtain novel pyrazoline compounds and 
assess the antioxidant and anti-anxiety activity of the compounds. The pyrazoline derivatives (XI-XV) 
were synthesized in four sequential steps involving synthesis of dihyropyrimidine nucleus, followed 
by hydrazination of the carboethoxy group. The various chalcone molecules were prepared in the 
third step via claisen Schmidt condensation and finally the chalcone were cyclo-condensed to yield 
the pyrimidine-pyrazoline compounds (XI-XV). The antioxidant property of the pyrazolines was 
measured by DPPH inhibition assay whereas tail suspension test (TST) was used for assessing the 
anti-anxiety activity. The prepared derivatives had IC50 for DPPH inhibition from 36.23 µg to 132.22 
µg. The observation of TST lead to the inference that compounds XII and XIII with substituents strong 
electron withdrawing substituents in comparison to other were able to reduce the immobility time 
exhibiting an increase in alertness in the animals. 
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Introduction 

	 Anxiety disorders represent the most 
prevalent mental ailment globally, impacting around 
301 million individuals in 2019.  Anxiety disorders 
are more common in women than men, and are 
most prevalent during midlife with 80–90% of 

cases manifesting before age 351. The wide variety 
of biological potentials of heterocyclic molecules 
makes them very important in medicinal chemistry. A 
cornerstone of organic and medicinal chemistry, the 
pyrazoline scaffold is also an essential component 
of heterocyclic chemistry.
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Pyrazoline is a dihydro derivative of pyrazole, 
characterized by the presence of one endocyclic 
double bond. The pyrazoline class includes many 
compounds with medicinal properties; some 
examples are the uricosuric sulfinpyrazone, the anti-
inflammatory oxyphenbutazone, and the analgesic 
and antipyretic aminophenazone, phenazone, 
and methampyrone. A wide variety of pyrazoline 
derivatives have been developed through structural 
modifications. Similarly, it will aid in the creation 
of safer and more effective pharmaceuticals by 
researchers. Previously attempts have been made 
to prepare a few 2-pyrazoline derivatives as potential 
monoamino oxidase inhibitors to counter several 
diseases and disorders including neurological 
disorders2-13. Pyrimidine based compounds like 

methylphenobarbital have been long used in 
treatment of anxiety disorders. Considering the vast 
pharmacological potential of these two scaffolds, it 
was hypothesized that linking of these two might be 
able to render potential compounds for neurological 
conditions. Herein, we have endeavored synthesizing 
new 2-pyrazoline compounds containing pyrimidine 
nucleus attached to the pyrazoline ring and assess 
their antioxidant as well as anti-anxiety action.

Material and Methods

	 A few novel pyrimidine containing pyrazoline 
derivatives were synthesized using the steps 
reported by Mishra et al14, Padhy et al15 and Tok et 
al16 (Scheme 1). 

Scheme 1. Synthetic pathway

	 The synthesis has been achieved into 4 
steps involving synthesis of dihydropyrimidine in the 
first step, followed by is hydrazination in the second 
step; the third step involved the synthesis of chalcone 
derivatives and finally cyclization to form pyrazoline 
in the fourth step.

Step 1. 4-phenyl-5-carboethoxy-6-methyl-3, 
4-dihydropyrimidine-2- one, IV
	 The 3, 4-dihydropyrimidine was synthesized 
utilizing benzaldehyde, urea, and ethylacetoacetate 
through Biginelli condensation. Within 25 millilitres 
of ethanol, urea (I, 0.5 mol), ethylacetoacetate (III, 
0.75 mol), and benzaldehyde (II, 0.5 mol) were 

combined. The mixture was refluxed until the reaction 
was complete, which took around three hours, after 
adding five drops of strong hydrochloric acid, which 
is considered a catalytic quantity. The product IV was 
obtained by filtering and recrystallizing a solid that 
separated during cooling with the help of ethanol.

Step 2. 4- phenyl -5-carboxyhydrazide-6-
methyl-3, 4-dihydropyrimidine-2-one, V
	 Step 1’s product was treated with hydrazine 
hydrate in ethanol and a catalytic quantity of 
concentrated sulfuric acid to synthesis the hydrazide 
derivative of the dihydropyrimidine-2-one. Hydrazine 
hydrate was added to product IV, 0.1 mol in 20 mL 
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of ethanol. A little amount of highly concentrated 
sulfuric acid was added to the mixture for catalytic 
purposes. Refluxing the mixture continued until the 
reaction was finished, which took around 2 hours. 
The product V was obtained by recrystallizing a solid 
that had detached from the ethanol as it cooled.
Step 3. Synthesis of chalcone derivatives, VI-X

	 A few chalcone compounds (VI-X) were 
prepared using acetophenone and substituted 
benzaldehydes in acetic acid and catalytic amount 
of sulfuric acid using Claisen-Schmidt condensation. 
To a solution of corresponding aldehyde (0.0054 mol) 
and acetophenone (0.0054 mol) in acetic acid (10 
mL) was added conc. H2SO4 (0.3 mL) and stirred at 
10-20°C until the completion of reaction (≈72 h). The 
precipitated product was filtered and recrystallized 
using acetic acid.

Step 4. Synthesis of pyrazoline molecules (XI-XV)
The pyrazoline compounds were prepared by 
cyclization reaction of the carbohydrazide pyrimidine 
with the prepared chalcone compounds. To a 
stirred mixture of 0.001 mol chalcone compound 
in 15 ml acetic acid was added 0.002 mol of the 
carbohydrazide pyrimidine and reflux was carried 
out for 6 hours. Monitoring of the reaction was done 
by thin layer chromatography. After that, it was put 
onto ice, rinsed with distilled water, filtered, and dried 
in ethanol till crystallization.

DPPH Scavenging Assay for antioxidant action
	 A radical scavenging assay called 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used to 
determine the antioxidant effect of the compounds 
that were produced17,18. We used the stable 
radical DPPH to evaluate the hydrogen-donating 
and radical-scavenging capabilities of the produced 
compounds as a measure of their free radical 
scavenging activity. The 100 𝜇L test samples, with 
concentrations ranging from 100 to 500 µg/ml, were 
first produced in DMSO. They were then mixed with 
1.0 ml of DPPH solution and topped up with 4 ml of 
methanol. A visible spectrophotometer was utilized 
for measuring the absorbance of the test sample 
mixture at 517 nm. The reference compound utilized 
was ascorbic acid. Lower absorbance values for the 
reaction mixture were indicative of more effective 
free radical scavenging. The fraction of free radicals 
suppressed by the sample was utilized to quantify its 
radical scavenging activity by the following formula: 

( )% 100
0

Ao Atinhibition
A
−

= ×

	 Ao represents absorbance of the control 
and represents absorbance of test samples.

Acute Toxicity Study
	 Three rats were administered a single oral 
dose of 2000 mg/kg for each chemical. Animals were 
observed individually at least once during the initial 
30 minutes following treatment, intermittently during 
the first 24 hours, and daily thereafter for a period 
of 14 days. Daily assessments were performed to 
evaluate changes in skin and fur, ocular and mucous 
membranes (nasal), respiratory rate, circulatory 
parameters (heart rate and blood pressure), 
autonomic responses (salivation, perspiration, 
urinary incontinence, and defecation), and central 
nervous system symptoms (drowsiness, tremors, 
and convulsions).  Death of animal, if any, was also 
noticed over the study duration.

Tail Suspension Test
	 The produced compounds and fluoxetine 
were dissolved in DMSO and administered 
intraperitoneally (0.05 mL per 20 g body weight) 30 
minutes before the test. To assess the impact of the 
test substance, mice were suspended by their tails 
using a clamp positioned 2 cm from the tail tip, within 
a box measuring 25 × 25 × 30 cm, with their heads 
5 cm above the bottom. The test was conducted in 
a dark environment with minimal background noise. 
The overall duration of suspending animals by their 
tails was 6 minutes, with the period of inactivity 
recorded during the final 4 minutes of the experiment. 
Animals were deemed immobile when they remained 
entirely motionless19.

Results and Discussion

	 The pyrazoline derivatives (XI-XV) were 
synthesized in four sequential steps involving 
synthesis of dihyropyrimidine nucleus, followed 
by hydrazination of the carboethoxy group. The 
various chalcone molecules were prepared in the 
third step via claisen Schmidt condensation and 
finally the chalcone were cyclo-condensed to yield 
the pyrimidine-pyrazoline compounds (XI-XV). 
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Table 1: Properties of synthesized pyrazolines

Compound code	 Yield (%)	 Color	 Melting Temperature (°C)

XI	 67	 Brown 	 241-243
XII	 72	 Dark Yellow	 228-230
XIII	 63	 Brown	 219-221
XIV	 65	 Brown	 248-250
XV	 70	 Dark Yellow	 256-258

The synthesized conjugates were characterized 
by determining the practical yield, melting point, 
solubility (Table 1) and spectral studies (Table 2). 
All the compounds were soluble in chloroform and 
insoluble in water and DMSO.

	 The stretching vibrations for amine, 
carbonyl, imine, and bending vibrations for C-N 
ring deformation were present in the FT-IR spectra 
of the conjugates. In the 1HNMR spectra the peaks 
at chemical shift value (d, ppm) of 8.73  and 5.68 

Fig. 1: % DPPH Scavenging 
by XI-XV (Microsoft Excel Chart)

Fig. 2: Anti-anxiety action of XI-XV 
in TST (Graph Pad, Prism chart)

(d, ppm) corresponding to the proton of pyrimidine 
nitrogen (N-H), 2.13 corresponding to the proton of 
methyl group and 7.1 to 7.6 corresponding to the 
protons of the aromatic rings were present in all the 
conjugates.

Antioxidant action
	 The antioxidant efficacy of the synthesized 
pyrazoline compounds was assessed using 
the DPPH scavenging assay. The absorbance 
of the control (DPPH + methanol) and various 
concentrations of the test solution was measured at 
517 nm using a UV-visible spectrophotometer, and 
the percentage of DPPH inhibition was determined 
(Table 3, Figure 1).

	 The IC50 value for each test chemical in 
inhibiting DPPH radicals was derived from the graph 
(Table 4).

Acute Toxicity Study
	 None of the animals presented any 
symptom of toxicity or mortality and therefore a dose 
of 2000 mg/kg was found to be harmless for the test 
subjects. A 1/20th dose (50 mg/kg) was considered 
for determination of CNS action in rodent.

Anti-anxiety Action
	 The results of TST (Figure 2) lead 
to the inference that compounds XII and XIII 
with substituents strong electron withdrawing 
substituents in comparison to other were able to 
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Table 2. Spectral features of the synthesized pyrazolines

Compound code	 Chemical Structure	 1H-NMR (δ, ppm)	 FT-IR (cm-1)

XI				    8.53, 6.58 (N-H, pyrimidine),	 3413.55 cm-1 (N-
				    7.28 to 7.67 (C-H, 	 H), 1713.59 cm-1 

				    aromatic), 5.49 (C-H, 	 (C=O), 1453.91 
				    pyrimidine), 5.52 (C-H, 	 cm-1 (C=N), 
				    imidazole), 3.48 (C-H, 	 1158.84 cm-1 (C-
				    methylene), 2.13 (C-	 N) and bending 
				    H,methyl)	 vibrations at  around
					     812.82 cm-1 (C-N) 

XII				    8.53, 6.58 (N-H, pyrimidine),	 3365.77 cm-1 (N-
				     7.27 to 7.67 (C-H, 	 H), 1693.08 cm-1 
				    aromatic), 5.49 (C-H, 	 (C=O), 1141.19 
				    pyrimidine), 5.52 (C-H, 	 cm-1 (C-N) and 
				    imidazole), 3.87 (C-H, 	 bending vibrations
				    methylene), 2.13 (C-	  at around 815.82 
					     H,methyl) cm-1 (C-N),
					     and 683.73 (C-Cl)

XIII				    8.73, 6.58 (N-H, pyrimidine),	 3342.99 cm-1 (N-
				     8.18 (C-H, adjacent to NO2), 	 H), 1690.78 cm-1 
				    7.28 to 7.90 (C-H, aromatic), 	 (C=O), 1478.91 
				    5.49 (C-H, pyrimidine), 5.53 	 (C=N), 1157.26 
				    (C-H, imidazole), 3.87 (C-H, 	 cm-1 (C-N) and 
				    methylene), 2.13 (C-	 bending vibrations
				    H,methyl)	  at around 809.11 
					     cm-1 (C-N)

XIV				    8.73, 6.58 (N-H, pyrimidine), 	 3733.02 cm-1 (O-
				    6.85 to 7.61 (C-H, aromatic), 	 H), 3555.01 cm-1 
				    5.49 (C-H, pyrimidine), 5.52 	 (N-H), 1704.43 
				    (C-H, imidazole), 3.48 (C-H, 	 cm-1 (C=O), 
				    ethylene), 2.13 (C-	 1461.38 (C=N), 
				    H,methyl)	 1134.02 cm-1 (C-
					     N) and bending 
					     vibrations at around
					     820.13 cm-1 (C-N)

XV				    8.73, 6.58 (N-H, pyrimidine),	 3340.46 cm-1 (N-
				     7.19 to 7.58 (C-H, 	 H), 1699.89 cm-1

				    aromatic), 5.49 (C-H, 	 (C=O), 1480.66 		
				    pyrimidine), 5.53 (C-H, 	 (C=N), 1157.71 
				    imidazole), 3.87 (C-H, 	 cm-1 (C-N) and 
				    methylene), 2.31 (C-H, 	 bending vibrations
				    methyl of benzene), 2.13 (C-	  at around 812.47 
				    H,methyl of pyrimidine)	 cm-1 (C-N)
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Table 3: Absorbance of samples and % inhibition of DPPH

Concentration	 XI	 XII	 XIII	 XIV	 XV

10	 0.753 	 0.646 	 0.559 	 0.834 	 0.814 
	 [11.61 ± 0.343]	 [24.12 ± 0.548]	 [34.37 ± 0.719]	 [2.10 ± 0.720]	 [4.45 ± 0.709]
20	 0.706 	 0.613 	 0.510 	 0.804 	 0.791 
	 [17.16 ± 0.0.193]	 [27.99 ± 0.689]	 [40.16 ± 0.574]	 [5.62 ± 0.677]	 [7.15 ± 0.696]
30	 0.654 	 0.578 	 0.458 	 0.766 	 0.760 
	 [23.26 ± 0.302]	 [32.10 ± 0.854]	 [46.13 ± 0.554]	 [10.08 ± 0.681]	 [10.79 ± 0.678]
40	 0.632 	 0.523 	 0.402 	 0.7389 	 0.722 
	 [25.85 ± 0.271]	 [38.59 ± 0.466]	 [52.75 ± 0.408]	 [13.41 ± 0.620]	 [15.21 ± 0.633]
50	 0.608 	 0.482 	 0.355 	 0.697 	 0.687 
	 [28.63 ± 0.041]	 [43.36 ± 0.639]	 [57.95 ± 0.673]	 [18.22 ± 1.242]	 [19.31 ± 1.061]

Table 4: IC50 for DPPH scavenging by test compounds

	 XI	 XII	 XIII	 XIV	 XV

IC50	 97.16 µg	 64.16 µg	 36.23 µg	 130.21 µg	 132.22 µg

reduce the immobility time exhibiting an increase in 
alertness in the animals. 

Conclusion

	 The primary objective of the work was 
synthesize novel pyrazoline derivatives for CNS 
activity. The objective was achieved by attaching the 
pyrimidine nucleus to the pyrazoline ring and assess 
their antioxidant as well as anti-anxiety action. The 

compounds were able to assess significant anti-
oxidant and anti-anxiety action in the comparison 
to the control groups.
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